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ABSTRACT 

In this study, Pr0.75Na0.2Ag0.05Mn1-xMxO3 (M=Cr, Co) (x = 0, 0.02, and 0.05) samples were synthesized via 
the standard solid-state method with magnetic ion (Cr, Co) doping. The study aimed to investigate the 
crystalline phase, surface morphology, and resistivity, addressing the lack of experimental data related to 
Jahn-Teller (JT) distortion in such systems. Structural, morphological, and electrical characterizations 
were performed using X-ray Diffraction (XRD), Scanning Electron Microscopy with Energy-Dispersive X-
ray (SEM-EDX) spectroscopy, Fourier Transform Infrared Spectroscopy (FTIR), and four-point probe 
measurements. All samples crystallized in an orthorhombic structure with a Pnma space group, with 
lattice parameters decreasing as Cr and Co doping concentrations increased. SEM observations revealed 
that grain boundaries became more compact, accompanied by a reduction in grain size. FTIR spectra 
confirmed Mn–O stretching vibrations at 703 cm–1, 711 cm–1, 714 cm–1, 726 cm–1, and 727 cm–1 for Pr-1, 
Pr-2, Pr-3, Pr-4, and Pr-5, respectively. Resistivity measurements showed a decrease with doping, 
attributed to the reduced interaction distance between atoms. Overall, minor Cr and Co substitutions 
appear to weaken the JT distortion by replacing Mn3+ ions, as supported by the experimental findings. 

Keywords-doping induced; Jahn-Teller distortion; perovskite manganite 
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I. INTRODUCTION  

The discovery of the Colossal Magnetoresistance (CMR) 
effect in perovskite manganites with the general formula ABO3 
(where A is the trivalent rare-earth ion or divalent alkaline 
earth ion) has garnered significant attention due to their 
remarkable physical properties and potential applications. 
These materials have been investigated for use in medical, 
biological, and technological applications, including stable 
electrodes [1], magnetic refrigeration systems [2], and 
electrode materials for supercapacitors [3]. Among these, 
magnetic refrigeration systems are particularly notable due to 
their enhanced energy efficiency and reduced environmental 
impact [4].  

Research on rare-earth manganites has attributed the CMR 
effect primarily to the Double-Exchange (DE) mechanism [5], 
the Jahn-Teller (JT) effect [6], and Charge Ordering (CO) [7]. 
Further studies have demonstrated that monovalent doping at 
the A-site of perovskite manganites results in a mixed 
Mn3+/Mn4+ state, promoting possible interactions such as Mn3+-
O2--Mn3+, Mn4+-O2--Mn4+, and Mn3+-O2--Mn4+. The latter 
occurs through electron hopping from Mn3+ ion to Mn4+ ion via 
O2- ion, combined with coupling between s-d and s-s electrons, 
leading to a Ferromagnetic (FM) interaction [8, 9]. 

Although perovskite manganites typically exhibit 
Antiferromagnetic (AFM) ordering, their specific properties 
can be tailored through doping at either the A-site or B-site or 
varying sintering temperatures. Literature indicates that A-site 
doping has been extensively studied for its impact on magnetic 
and transport properties. For instance, polycrystalline 
Pr0.75Na0.2-yAgyMnO3 manganites display notable structural, 
morphological, electrical, and magnetic properties [10]. These 
samples crystallize in an orthorhombic structure with a Pnma 
space group, where increasing Ag doping leads to reduced 
lattice parameters and increased porosity. Specifically, the 
y=0.05 sample exhibits a Ferromagnetic-Metallic (FMM) phase 
due to the DE mechanism, which weakens the CO state. In 
contrast, other compositions show insulating behavior with 
Paramagnetic-to-Antiferromagnetic (PM-AFM) transitions, 
with Néel temperatures TN~125 K and TN~126 K, respectively 
[11]. Similarly, in La1-ySryMn0.5Co0.5O3 (0<y<0.5), resistivity 
decreases with increasing Sr-doping, likely due to high-spin 
stabilized Co3+ ions enhancing FM interactions [3]. However, 
limited information is available on the JT effects of B-site 
doping in monovalent-doped manganites  

Reports indicate that direct B-site substitution with small 
amounts of transition-metal ions significantly affects physical 
properties by modifying structural parameters such as bond 
angles, bond lengths, lattice distortions, and the tolerance factor 
[12]. This can induce a Metal-Insulator (MI) transition in CO 
undoped insulators and produce a large CMR effect, especially 
with Cr3+ ions. For example, in Nd0.7Sr0.3Mn1-xCrxO3 and 
La0.7Ca0.3Mn1-xCrxO3, the MI transition shifts to higher 
temperatures due to enhanced DE interactions between Mn3+-
O2--Mn4+ [13]. Likewise, Nd0.5Ca0.5Mn1-xCrxO3 shows a higher 
MI transition temperature associated with the CO state [14]. 
These changes correspond to shifts in the Paramagnetic–
Ferromagnetic (PM–FM) transition. Furthermore, B-site 

doping can alter the microstructure through JT distortions 
caused by reduced oxygen bond lengths following Mn-ion 
substitution. 

Despite these findings, studies on elemental substitution at 
the Mn-site remain limited. To the best of our knowledge, the 
effects of Cr and Co doping at the Mn-site of 
Pr0.75Na0.2Ag0.05Mn1-xMxO3 (M=Cr, Co) on structural, 
morphological, and room-temperature electrical resistivity 
properties have not been comprehensively reported. This work 
investigates these effects, with particular attention to the role of 
the isoelectronic states of Mn3+, Cr3+, and Co3+ in influencing 
JT distortion. Additionally, this study reports density and 
porosity measurements for the synthesized samples. 

II. MATERIALS 

Polycrystalline samples of Pr0.75Na0.2Ag0.05Mn1-xMxO3 
(M=Cr, Co) (x = 0, 0.02, and 0.05) were synthesized using the 
standard solid-state reaction method without any impurity 
phase [15], which involved processes such as mixing and 
grinding stoichiometric amounts of high purity ( ≥ 99.99%) 
Pr6O11, Na2CO3, Ag2O, MnO2, Co3O4, and Cr2O3 powders. The 
chemical powders were thoroughly mixed and ground with an 
agate mortar and pestle. The mixture was then calcined in air at 
1000 °C for approximately 24 hours intermittent regrinding to 
ensure homogeneity. The calcined powders were pressed into 
pellets under 5 tons of pressure for 15 min and sintered in air at 
1200 °C for 24 hours to obtain the following compositions: 

 Pr0.75Na0.2Ag0.05MnO3 (Pr-1). 

 Pr0.75Na0.2Ag0.05Mn0.98Cr0.02O3 (Pr-2). 

 Pr0.75Na0.2Ag0.05Mn0.95Cr0.05O3 (Pr-3). 

 Pr0.75Na0.2Ag0.05Mn0.98Co0.02O3 (Pr-4). 

 Pr0.75Na0.2Ag0.05Mn0.95Co0.05O3 (Pr-5). 

The crystal structure of the samples was examined using 
Powder X-ray Diffraction (XRD) with a Bruker D2 Phaser 
instrument, employing CuKα radiation (λ = 1.54 Å) at room 
temperature. The surface morphology and elemental 
composition were characterized using a COXEM EM-30AX 
PLUS Scanning Electron Microscope (SEM) equipped with 
Energy Dispersive X-ray Spectroscopy (EDX). Fourier 
Transform Infrared (FTIR) transmittance measurements were 
performed using an Agilent Cary 630 FTIR spectrometer 
within the wavenumber range of 600-1200 cm–1 to investigate 
the metal-oxide bonding. The electrical resistivity of the 
synthesized samples was measured at room temperature using 
the four-point probe method (SR–4 4PP). The bulk density 
ρ

bulk 
 of each sample was determined according to Archimedes’ 

principle, using propanol as the buoyant medium, following 
(1): 

ρ
bulk 

= 
ωair

 ωairωpropanol 
ρ

propanol
   (1) 

where ωair  is the weight of the sample in air, ωpropanol  is the 
weight of the sample in propanol, and ρ

propanol
 is the density of 

propanol. The porosity (%) of the samples was calculated using 
(2): 
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Porosity (%) = 1 � 
ρbulk

ρparticle

100%   (2) 

where ρ
particle

 is the particle density obtained from (3): 

ρ
particle

= 
n,(ΣAC+ΣAA)

VCNA
    (3) 

where n, is the number of formula units, ΣAC is the sum of the 
atomic weights of all cations, ΣAA  is the sum of the atomic 
weights of all anions, VC is the volume of the unit cell, and NA 
is Avogadro’s number. 

III. RESULTS AND DISCUSSION 

Figure 1(a) presents the powder XRD patterns of Pr-1, Pr-2, 
Pr-3, Pr-4, and Pr-5, confirming that all samples crystallize in a 
single-phase orthorhombic structure (space group Pnma) 
without detectable impurities, consistent with earlier reports 
[16, 17]. Figure 1(b) shows the (220) diffraction peak shifting 
toward higher angles, indicating a reduction in unit cell 
volume.  Table I lists the lattice parameters, unit cell volume 
(V), bulk density (D), porosity (ϕ), resistivity (ρ), and average 
grain size for all samples. Lattice parameters were determined 
from Bragg’s law and the orthorhombic interplanar spacing 
equation:  

nλ=2dsin�     (4) 

�

��
�  

�
�

��
� 

	
�


�
� 

�
�

��
    (5) 

where 
 is the diffraction order, � is the wavelength of the X-
rays, � is the interplanar spacing, �  is the diffraction angle, ℎ, 
� , and �  are Miller indices, and � , � , and �  are the 
orthorhombic lattice parameters. 

Both � , � , and �  decrease progressively with Cr or Co 
doping, accompanied by a reduction in V from 232.3 Å3 (Pr-1) 
to 231.7 Å3 (Pr-3) for Cr doping and to 231.1 Å3 (Pr-5) for Co 
doping. This reduction is linked to the ionic radii of the host 
and dopant atoms. The replacement of the larger ionic size of 
Mn3+ (eg

1 t2g
3; 0.645 Å) with the smaller ionic radius of Cr3+ 

(eg
0 t2g

3; 0.615 Å) and Co3+ (eg
0 t2g

6; 0.545 Å) ions leads to the 
lattice distortion and causes a reduction in lattice parameters, 
and hence volume [18]. To maintain charge neutrality, Mn3+ 
ions are partially oxidized to Mn4+ (t2g

3; 0.530 Å) [19]. The 

increase in Mn4+ fraction disrupts Mn3+-O2--Mn4+ 
superexchange, alters density and porosity, and reduces room-
temperature resistivity [20, 21]. Smaller grain size and lower 
porosity enhance Mn4+-mediated double exchange, facilitating 
electron hopping through Mn-O-Mn pathways and suppressing 
JT distortion [8]. 

 

 

 

Fig. 1.  (a) Powder XRD pattern for Pr0.75Na0.2Ag0.05Mn1-x(Cr, Co)xO3 
samples, (b) XRD diffraction pattern at 47.0 for undoped sample (Pr-1) and 
doped samples (Pr-2, Pr-3, Pr-4, Pr-5) 

TABLE I.  THE PROPERTIES PR0.75NA0.2AG0.05MN1-X(CR, CO)XO3 

Samples 
Lattice Parameter (±0.001) V (Å3) D (g/cm3) ϕ (%) ρ (Ω) Grain Size (μm) 
a (Å) b (Å) c (Å) (±0.1) (±0.001) (±0.01) (±0.1) (±0.001) 

Pr-1 5.474 7.753 5.474 232.3 5.889 13.73 113.1 6.643 
Pr-2 5.473 7.749 5.467 231.9 5.332 16.34 108.3 5.814 
Pr-3 5.472 7.748 5.466 231.7 5.301 17.45 107.9 5.368 
Pr-4 5.470 7.747 5.466 231.6 5.600 19.08 106.7 5.596 
Pr-5 5.468 7.738 5.462 231.1 5.680 18.16 97.09 5.315 

 

Figure 2(a) shows SEM micrographs at 2000× 
magnification alongside a 3D structural model of the perovskite 
lattice from XRD data using VESTA software [22]. The 
average grain size of samples was estimated using the ImageJ 
software [23], and values are shown in Table I. Figure 2(b) 
shows the normal grain size distribution graph of Pr-1 based on 
SEM and ImageJ data. 

Cr3+ and Co3+ substitution leads to smaller, more compact 
grains due to reduced ionic radius compared to Mn3+. For Cr-
doped samples, the average grain size decreases from 6.643 µm 
(Pr-1) to 5.368 µm (Pr-3). For Co doping, the grain size drops 
from 5.596 µm (Pr-4) to 5.315 µm (Pr-5). Pr-1 exhibits 
irregular grains with visible porosity, while doped samples 
show denser boundaries, consistent with reduced JT distortion 



Engineering, Technology & Applied Science Research Vol. 15, No. 5, 2025, 27244-27249 27247  
 

www.etasr.com Teo et al.: Room Temperature Structural and Electrical Studies on Jahn-Teller Distortions Signal … 

 

[24]. Figure 3, showing the EDX spectra for all the samples, 
confirms the presence of all expected elements (Pr, Na, Ag, Cr, 
Co, Mn, O) without impurities, verifying successful doping, 
and especially the presence of Cr and Co elements in the 
samples, indicating the incorporation of dopants in the 
manganite compounds. 

 

 
Fig. 2.  (a) SEM images of magnification 2000× and 20μm for Pr-1, Pr-2, 
Pr-3, Pr-4, and Pr-5 samples, (b) Average grain size distribution of sample Pr-
1. 

The FTIR analysis provided insights into the elemental 
composition, chemical bonding, stretching modes, and 
vibrational frequencies of the prepared samples. In perovskite 
manganite structures, the fundamental IR absorption bands are 
typically associated with MnO6 octahedral, corresponding to 
Mn-O bond vibrations in the range of 400-750 cm–1 [25]. As 
shown in Figure 4, the FTIR spectrum of the Pr-1 sample 
exhibits a broad peak at 703 cm–1, indicating the presence of 
strong metal–oxygen bonds. These bands arise from stretching 
or bending vibration modes, as reported in previous studies 
[26–28]. Upon doping Cr and Co into the Mn site, the 
absorption peaks shift toward higher wavenumbers. This shift 
suggests a weakening of the Mn-O stretching mode, attributed 
to the incorporation of smaller ions at the Mn site, which 
induces lattice distortion and reduces the unit cell volume. 
Consequently, the force constant of the vibrational bands 
increases, producing a blue shift in the IR spectra. The 
observed ionic radii decrease in the order Mn3+ (0.645 Å, Pr-1) 
> Cr3+ (0.615 Å, Pr-2, Pr-3) > Co3+ (0.545 Å, Pr-4, Pr-5), with 
corresponding peak positions at 703 cm–1, 711 cm–1, 714 cm–1, 
726 cm–1, and 727 cm–1, respectively. These results indicate 
that Cr and Co doping leads to a reduction in Mn-O bond 
length, consistent with JT distortion effects, as supported by the 
XRD and SEM findings. 

 

 
Fig. 3.  The EDX spectra of Pr-1, Pr-2, Pr-3, Pr-4, and Pr-5 manganite 
samples. 

 
Fig. 4.  The FTIR spectrum of Pr-1, Pr-2, Pr-3, Pr-4, and Pr-5 samples. 

IV. CONCLUSION 

In conclusion, a detailed investigation of the structural 
properties of Pr0.75Na0.2Ag0.05Mn1-x(Cr, Co)xO3 was conducted 
to evaluate the effects of Cr and Co doping. X-ray Diffraction 
(XRD) results confirmed that all samples crystallized in an 
orthorhombic structure with the Pnma space group, with no 
alteration to the overall structural arrangement, consistent with 
previous studies. Substitution of smaller Cr3+ or Co3+ ions at 
the Mn-site led to oxidation of Mn3+ to Mn4+ for charge 
neutrality, resulting in lattice distortion. Among the dopants, 
Co3+ (0.545 Å) produced the smallest grain volume (x = 0.05) 
due to its shorter bond length compared to Cr3+ (0.615 Å). 

Surface morphology analysis revealed that doping with 
smaller ions increased grain boundary compaction and reduced 
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grain size, with Co-doping producing a more compact and flat 
surface structure than Cr-doping. Fourier Transform Infrared 
Spectroscopy (FTIR) spectra confirmed the perovskite 
manganite structure and exhibited a blue-shift in the Mn-O 
vibrational bands, indicating lattice compression and a 
reduction in Mn-O bond length. These findings support the 
conclusion that Cr and Co doping weakens the Jahn-Teller (JT) 
effect by decreasing the electron hopping distance within the 
lattice. 

Room-temperature resistivity measurements showed a 
decrease in resistivity upon doping, attributed to reduced 
porosity and an increased Mn4+/Mn3+ ratio. This enhancement 
in the Double-Exchange (DE) mechanism facilitates electron 
hopping between Mn-O bonds, further weakening the JT 
distortion. Consequently, minor doping at the Mn-site not only 
improves charge mobility and electrical conductivity but also 
promotes a transition from insulating to more metallic behavior 
at room temperature. These effects make the doped compounds 
promising candidates for spintronic and other energy-related 
applications. 
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